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1 Introduction
The RRM core part of Rel-13 WI “Further LTE Physical Layer Enhancements for MTC” [1] was completed in RAN4#78. There were also some discussions on the RRM tests for eMTC in the meeting, and a WF with high-level test case list as well as the work plan was agreed [2]. Main proposals in [2] are copied below.
	The following eMTC RRM test cases are suggested to be considered in Rel-13 for FDD, TDD and HD-FDD
· Intra frequency cell re-selection

· Intra-frequency handover

· Intra-frequency RRC Re-establishment

· Contention Based Random Access

· UE Transmit Timing Accuracy test

· UE Timing Advance Adjustment Accuracy test

· Radio Link Monitoring tests (In-Sync /Out-of-sync with/without DRX)

· Intra-frequency event triggered reporting under fading propagation conditions in synchronous/asynchronous cells with/without DRX

· Intra frequency case RSRP Accuracy

· Tests cases to verify other RRM requirements are not precluded.

Companies are encouraged to check the necessity on above test cases. 

	Time plan

· Complete test cases in two phases: phase I and phase II

· RAN4#78bis 

· Agree the complete list of the test cases for Rel-13 with detailed test configurations and parameter settings

· Determine the test cases included in Phase I and Phase II.

· RAN4#79

· Provide draft of CRs for phase I test cases 

· Agree on phase I test cases

· RAN4#80

· Provide draft of CRs of phase II test cases

· Agree on phase II test cases


In this paper we will discuss the configuration and parameter settings for eMTC RLM tests. Due to the introduction of new control channel M-PDCCH, new RLM requirements are defined for eMTC [3], and correspondingly some new aspects should be considered in the tests, as will be addressed in the following sections.
2 Discussion
Coverage and applicability of eMTC RLM tests
In the current spec there are 12 test cases for Cat-0 RLM, dimensioned by 
· 3 UE types: FD-FDD, HD-FDD and TDD

· Out-of-sync and In-sync
· DRX and non-DRX

And with the new eMTC RLM requirements we would have another dimension

· Mode A and Mode B

The main purpose of RLM test cases is to verify whether UE can get accurate radio link quality measurement within the evaluation period. As the requirements on the evaluation time with non-DRX are different for Mode A and Mode B (and also different from Cat-0 requirements), it is clear that for non-DRX the full test coverage (12 test cases) is needed. The DRX requirements are same for Mode A and Mode B as well as Cat-0, so we think it is sufficient to be tested with either Mode A or Mode B (6 test cases), and we prefer Mode A for simplicity.  
Proposal 1: non-DRX test cases are defined for both Mode A and Mode B, and DRX test cases are only defined for Mode A.

Configurations of eMTC RLM tests
Next we will discuss the test configurations, in particular, we will base on the Cat-0 test case for FDD with non-DRX (section A.7.3.26 and section A.7.3.27), and list those parameters for which settings need to be changed due to the new M-PDCCH or due to the new requirements. All the other parameters can use the same setting as in Cat-0 test case.
· M-PDCCH related parameters
· DCI format

· 6-1A and 6-1B should be used for Mode A and Mode B, respectively.
· Aggregation level (AL) and repetition level (RL)
· A combination of (AL,RL) corresponds to a certain coverage level, and RL assumption is a variable depending on configuration, i.e. configured maximal value for Out-of-sync and half the configured maximal value for In-sync. Currently values for AL are fixed, but there are ongoing discussions whether it should be also variable. 
· From UE behaviour point of view it is clear that it should monitor the radio link quality according to the configured coverage level, but from test point of view we cannot define test case for each possible configuration, so the issue is to select the most typical configurations for the test case development. Our preference is to use the largest possible RL as agreed in the simulation assumption [4], i.e. 16 for mode A and 256 for Mode B.   

· CQI reporting configuration 
· In Cat-0 test cases, the correct UE RLM behaviour is verified by periodic CQI reporting, and we think the same approach can be used for Mode A. For the configuration of the CQI reporting, the reporting periodicity should be aligned with the repetition number (pucch-NumRepetitionCE-Format2), which is provided in the parameter list by RAN1. For simplicity reason, we propose to not use repetition for PUCCH format 2, i.e. pucch-NumRepetitionCE-Format2 = 1, so current setting of the reporting periodicity can be re-used. 
· However, this will not work for Mode B as periodic CQI reporting is not allowed. As periodic SRS is not allowed in Mode B either, we need to find some indicator of UE Out-of-sync/In-sync status. One option is to use contiguous PUSCH scheduling, but we are open to other solutions.      

· Time period T1-T5

· The lengths of time period T1-T5 are depending on the evaluation time. For non-DRX tests the durations need to be discussed due to new evaluation time requirements for Mode A and Mode B, respectively. For DRX tests the existing durations can be re-used as the evaluation time requirements are same as for Cat-0.

· T1 is set as 5 times Out-of-sync evaluation time in Cat-0 test cases. We think the same approach can be re-used for Cat-M1, so the value of 2s should be used.
· T2, during T2 UE should not trigger RLF at SNR2, and the duration is twice the Out-of-sync evaluation time in Cat-0 test cases. We think the same setting can be used for Cat-M1 also, so T2 should be 0.8s for Mode A and 4s for Mode B.

· T3, is depending on the setting T310, and as we see no need to change T310 (2s used in Cat-0 test cases), we think the same value of 1.46s can be re-used for Cat-M1 tests. 
· T4, during T4 UE should not trigger In-sync. As T310 is already running UE should follow non-DRX requirement for the monitoring of In-sync, and in Cat-0 tests T4 is set as 4 times In-sync evaluation period. Therefore, we think the value of 0.8s can be used for Cat-M1 tests. 
· T5, T5 should be long enough to cover the verification point, but so far we do not have clear view for the verification point, and we are open to proposals.
· PCFICH/PDCCH/PHICH RMC

· PCFICH and PHICH RMC is not needed as eMTC UE is not decoding them. New M-PDCCH RMC as in [5] should be used.

· OCNG

· New OCNG patterns [6] should be used.

· SNR1-SNR5
· SNR levels used in the Cat-0 tests are derived as below, and we think the same approach can be used. 

· SNR2 = Qout + margin1 

· SNR3 = Qout – margin1

· SNR4 = Qin – margin2

· SNR5 = Qin + margin2

· SNR1 = SNR5 
· On one hand, we need the values for Qin and Qout, and they should come out as averaged results from companies, so we would suggest RAN4 to align simulation results for M-PDCCH performance with selected coverage level or levels.

· On the other hand, we need to determine the values for the margins. For Mode A we think the same margin as in Rel-8 can be used as the side condition (-6dB SINR) for RSRP measurement is same, which indicates that UE is likely to be in the same radio condition as in normal coverage. For Mode B, the margins may need to be large to accommodate the inaccuracy in measurement due to low operating point, but the exact value should be decided when RAN4 gets aligned results on Qin and Qout values.  
· Propagation condition
· In Cat-0 test cases, ETU70 is used for non-DRX and AWGN is used for DRX. We think we can use the same channel, except that ETU70 is replaced by ETU30 for Mode A and by ETU1 for Mode B, as agreed in [4].     
Proposal 2: RAN4 to discuss for which coverage level or levels (in terms of RL and possibly AL) test cases should be defined. Our preference for RL is 16 for Mode A and 256 for Mode B.  
Proposal 3: RAN4 to align simulation results for M-PDCCH performance with selected coverage level or levels, in order to conclusion on the Qin and Qout values.
Proposal 4: Rel-8 margins are used to derive the SNR levels in the tests for Mode A. RAN4 to discuss margins for Mode B after aligning the Qin and Qout values. 
Proposal 5: UE behaviour is verified by CQI reporting (without repetition) in Mode A test cases. RAN4 should discuss how to verify the UE behaviour in Mode B. 
3 Conclusions 

In this paper, we discussed the test case development for eMTC RLM. Our principle is to reuse Cat-0 test cases as much as possible, and the potential differences in the test configurations are also analysed.  
We have the following proposals:

Proposal 1: non-DRX test cases are defined for both Mode A and Mode B, and DRX test cases are only defined for Mode A.

Proposal 2: RAN4 to discuss for which coverage level or levels (in terms of RL and possibly AL) test cases should be defined. Our preference for RL is 16 for Mode A and 256 for Mode B.  
Proposal 3: RAN4 to align simulation results for M-PDCCH performance with selected coverage level or levels, in order to conclusion on the Qin and Qout values.
Proposal 4: Rel-8 margins are used to derive the SNR levels in the tests for Mode A. RAN4 to discuss margins for Mode B after aligning the Qin and Qout values. 
Proposal 5: UE behaviour is verified by CQI reporting (without repetition) in Mode A test cases. RAN4 should discuss how to verify the UE behaviour in Mode B.
The companion draft CR is also submitted for FDD Mode A in [7]. 
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